The tryptophan synthase genes, trpA and trpB, of Bacillus stearothermophilus IFO13737 were cloned by transformation of tryptophan auxotrophic mutations of the trp genes into Escherichia coli. The genes are located in the order of trpB and tipA, according to their coding orientation, in a 2.5 kb EcoKV-Hindlll DNAfragment. The complete nucleotide sequence of this DNAwas determined. The tipA and trpB genes consist of 810bp (269 amino acid residues) and 1215bp (404 amino acid residues), respectively. The 5'-proximal portion of the trpB gene was found to overlap 20 nucleotides of the upstream coding region of the trpA gene. The homology of the amino acid sequences of the trp gene products of trpA and trpB of B. stearothermophilus is 35 and 50 %, respectively, to those of E. coli, and 55 and 70 %, respectively, to those of B. subtilis.
and Euglena.8) In E. coll and other bacteria, typtophan synthase is a multienzyme complex, composed of two dimeric a and fi subunits with molecular weights of approximately 59,000 and 90,000, respectively.
The genes for tryptophan synthase have been cloned from E. coli,9) S. typhimurium,i0) Pseudomonas aeruginosa,1^B. subtilis,i2) Brevibacterium lactofermentum,13) Methanococcus voltae1^and S. cerevisiae}5) In general, enzymes from thermophilic bacteria are more thermostable than those from mesophilic bacteria. The comparison of the structures of the tryptophan synthases from thermophiles with those in the case of meso-2941 philes will provide some new insight into the mechanism underlying the thermostability of the enzyme. One aim of our studies on Bacillus stearothermophilus is to understand the stability of enzymes in thermophilic bacteria.
In this paper, we describe the cloning and sequencing of the tryptophan synthase genes from a moderate thermophilic bacterium, B. stearothermophilus. We also describe the comparison of the amino acid sequence of the tryptophan synthase from B. stearothermophilus with those in the case of other mesophilic bacteria. with a SONIFIER (Branson, USA) at 4°C for 5min. The cell debris was removed by centrifugation at 7000 x g and the supernatant was used as the enzymesolution.
Materials and Methods
Enzymeassay. Tryptophan synthase activity was determined by a modification of the method of Smith and Knowledge Industry Co., Ltd., Japan.
N-Terminal sequence analysis. The cell-free extract of E. coli MT10347 (pISY21) was incubated at 70°C for lOmin. The precipitate formed was removed by centrifugation and the supernatant was applied to SDS-polyacrylamide gel.
The a and ft subunits were separated by electrophoresis, extracted from the gel by electroelution, dialyzed against distilled water, and the lyophilized. The N-terminal sequences of the lyophilized a and p subunits were identified by stepwise Edman degradation with an Applied Biosystems 470A automated protein sequencer. The phenylthiohydantoin (PTH) aino acid derivatives were separated and identified with an Applied Biosystems 120A online PTHanalyzer.
Results and Discussion
Cloning of the B. stearothermophilus tryptophan synthase genes The ligation mixture was used to transform E. coli MT10347 (trpA trpB), and four colonies with the tryptophan non-requiring (Trp+) and ampicillin resistance (Ampr) phenotypes were obtained. Plasmid DNAswere extracted from these transformants. The physical map obtained with restriction endonucleases showed that there were two kinds of plasmids, which were designated as pISYlO and pISY21, respectively. Both plasmids were used for the retransformation of E. coli MT10347. All the transformants exhibited the Trp+ Ampr phenotype. To confirm the existence of a tryptophan synthase gene on these plasmids, the tryptophan synthase activities of the transformants were assayed. As shown in Table I , the cell-free extracts from both clones showed tryptophan synthase activity, the values being much higher than those of B. stearothermophilus IFO1 3737. When the cell-free extract of E. coli MT10347 carrying pISYlO or pISY21 was heated at 70°C for 30min, about 90%of the tryptophan synthase activity was To determine the coding region for the tryptophan synthase gene in the cloned insert in pISY21, we constructed various plasmids carrying deleted inserts using pISY21 as the starting material, and examined the complementation of these plasmids with E. coli trpA trpB or trpB mutants. The B. stearothermophilus trp gene designations follow the E. coli nomenclature. The results are summarized in Fig. 1 . The most probable locations of the trpA and trpB genes are shown at the bottom of the figure. The trpA and trpB regions were localized in a 2.3 kb Banlll-EcoRV fragment. Table I . Therefore, the expression levels of the thermophilic tryptophan synthase genes may depend on other than the codon utilisation pattern.
Comparison of the deduced amino acid sequences
The deduced amino acid sequences of the B. stearothermophilus trpA and trpB genes were aligned with the sequences of a and /? subunits 
